SUMMARY Biotransformation of ingested xenobiotics is known to take place in the gastrointestinal mucosa of laboratory animals and adult humans as well as in the liver. We studied the activities of aryl hydrocarbon hydroxylase, epoxide hydrolase, and glutathione peroxidase in 242 peroral small intestinal biopsy samples of children aged eight months to 18 years: 201 with normal histology, 21 with partial villous atrophy, and 20 with severe villous atrophy. All these enzymes were detectable even in the youngest children. The aryl hydrocarbon hydroxylase activity was age dependent, while the other measured enzyme activities were not related to the age of the patients. The aryl hydrocarbon hydroxylase activity was not related to the mucosal histology, but the epoxide hydrolase and glutathione peroxidase activities were diminished in samples with severe villous atrophy as compared with normal mucosa. This suggests that small intestinal mucosa with villous atrophy may produce oxidated, reactive metabolites, but further metabolism into detoxication products is decreased. This may expose persons with mucosal atrophy to possible harmful effects of environmental xenobiotics entering the body even at low doses.
atrophy may produce oxidated, reactive metabolites, but further metabolism into detoxication products is decreased. This may expose persons with mucosal atrophy to possible harmful effects of environmental xenobiotics entering the body even at low doses.
Human exposure to xenobiotics (xenos=foreign; bios = life; xenobiotics = foreign compounds), present in nature or produced by man, is one of the major present concerns. The oral exposure is of great importance as together with nutrients man ingests various additives, contaminants, and traces of other xenobiotics. Biotransformation of these chemicals into water-soluble metabolites for excretion takes place in the liver but also extrahepatic organs are capable to metabolise xenobiotics. ' The extrahepatic biotransformation is particularly important at ports of entry where man is exposed to small doses of xenobiotics. Among the 201 children with normal biopsy there were 142 children who did not have any chronic disease: their symptoms were constitutional, functional, or transitory. We consider these children as healthy. The normal development of mucosal biotransformation rates by age was studied in these children. The alkaline phosphatase activity was constant throughout childhood. The aryl hydrocarbon hydroxylase, epoxide hydrolase, and glutathione peroxidase activities were detectable in all age groups. The aryl hydrocarbon hydroxylase activity increased by age; the correlation coefficient was 0-308 (p<0-001). The epoxide hydrolase and glutathione peroxidase activities were unaffected by age (Table 1 ). There were no significant differences by sex in any of the studied enzymes. There were no significant correlations between the biotransformation enzymes and the alkaline phosphatase activities: the correlation coefficient between alkaline phosphatase and aryl hydrocarbon hydroxylase was 0-023, between alkaline phosphatase and epoxide hydrolase 0-041, and between alkaline phosphatase and glutathione peroxidase 0.070 suggesting that the alkaline phosphatase activity used as a reference enzyme reflecting mucosal state was independent from the other studied enzymes.
Among the children with normal mucosa there were 26 children with insulin dependent diabetes mellitus and 21 children with juvenile rheumatoid arthritis. There were no differences in the activities of alkaline phosphatase, aryl hydrocarbon hydroxylase, epoxide hydrolase, or glutathione peroxidase between these disease groups and age matched healthy children (data not shown).
PATHOLOGICAL MUCOSA
The biopsy specimens with abnormal villi tended to be lighter than the normal samples. The alkaline phosphatase activities were significantly reduced in villous atrophy: the activity in the samples with partial villous atrophy was 73% (p<0-01) and in the samples with severe villous atrophy 34% (p<0001) of the activity in normal samples.
Partial villous atrophy did not differ significantly from normal mucosa regarding aryl hydrocarbon hydroxylase, epoxide hydrolase, or glutathione peroxidase activities. In severe villous atrophy, aryl hydrocarbon hydroxylase activity was normal but the activities of epoxide hydrolase and glutathione peroxidase were diminished as compared to normal biopsies, p<005 and p<0 02, respectively (Table 2) .
According to the analyses of variance, the activities of alkaline phosphatase, epoxide hydrolase, and glutathione peroxidase varied significantly in relation to histology; the F-values were 3] 675, 3.183, and 3.093 respectively. The differences in aryl hydro- carbon hydroxylase activities were insignificant also in analysis of variance, F 0-431.
Discussion
It is known from animal studies and adult human studies that the gastrointestinal mucosa has several biotransformation enzyme activities including both phase I reactions of functionalisation and phase II reactions of conjugation in the metabolism of xenobiotics and endogenous substances such as steroid hormones, bile acids, and prostaglandins.'22 Polycyclic hydrocarbons are a large group of chemical compounds which are abundant in the environment in industralised countries. General population is also exposed to polycyclic hydrocarbons through consuming broiled and smoked food as well as through certain drugs and environmental pollution. Polycyclic hydrocarbons are potentially carcinogenic as they are biotransformed to epoxides which bind covalently to intracellular macromolecules. Coke oven workers who were exposed to polycyclic hydrocarbons including benzo(a)pyrene were shown recently to have benzo(a)pyrene diol epoxide-DNA adducts in peripheral lymphocytes and antibodies against the adducts in serum as indications of the metabolism of benzo(a)pyrene in vivo.-23 24 In unexposed laboratory animals, the levels of biotransformation enzymes are low after birth and increase gradually postnatally3 but when enzyme inducers are administered into pregnant or lactating females, the aryl hydrocarbon hydroxylase25 2 and epoxide hydrolase27 2 activities increase significantly in weanling rats. The development of these enzymes in different human tissues during childhood has not so far been investigated. We found measurable concentrations of aryl hydrocarbon hydroxylase and epoxide hydrolase in jejunal biopsy samples in all age groups of children. This indicates that the induction of enzyme synthesis has taken place during pregnancy or very early childhood or that there exists a natural basal activity of aryl hydrocarbon hydroxylase and epoxide hydrolase in man. The intestinal mucosa of children has enzyme activities for the biotransformation of polycyclic hydrocarbon as well as for further metabolism of their oxygenated derivatives. Normal mucosa may also participate in the biotransformation of endogenous steroids and structurally related compounds.
Glutathione peroxidase is the main known site of selenium in human body and glutathione peroxidase has been found in most human tissues,' most often investigated in blood cells, plasma, and serum. Glutathione peroxidase protects tissues from oxidative damage by catalysing the reduction of hydrogen peroxide and organic hydroperoxides thus preventing the progression of tissue destruction initiated by these oxidated compounds. Glutathione peroxidase is thought to be a cytosolic alternative to peroxisomal activities." Our results show that glutathione peroxidase is present in the jejunal mucosa of normal children in constant quantities during the entire childhood.
We classified biopsy specimens in normal, partial villous atrophy, and severe villous atrophy by visual evaluation. The alkaline phosphatase activities proved that the visual evaluations of histology were correct as the alkaline phosphatase activity of crypts is shown to be about half of the activity of villous tips.' The aryl hydrocarbon hydroxylase activity of mucosa with villous damage was similar to normal mucosa suggesting that oxygenated derivatives are formed at normal rates. The diminished concentrations of epoxide hydrolase and glutathione peroxidase in mucosal samples with severe villous atrophy indicate that the capacity of mucosa with villous damage to metabolise formed oxygenated derivatives is decreased.
Studies on the association between serum selenium concentrations and cancer arrive at controversial results."'-Maybe tissue contents of selenium and tissue activities of glutathione peroxidase are more important for the development of malignancy than serum levels. Coeliac disease has been associated with cancer, particularly with malignant gastrointestinal lymphomas, in case reports3"37 as well as in an extensive British multicentre study. 38 Our results could provide an explanation for increased risk of cancer in patients with untreated or poorly treated coeliac disease: jejunal mucosa with severe villous atrophy may accumulate oxidated metabolites of xenobiotics as a consequence of intact aryl hydrocarbon hydroxylase activity but defective detoxication due to impaired epoxide hydrolase and glutathione peroxidase activities.
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